Investigation of the Ca(2+)-independent form of Ca(2+)/calmodulin-dependent protein kinase II in neurite outgrowth.
Neuronal Ca(2+)/calmodulin-dependent protein kinase II (CaM kinase II) plays important roles in the control of nerve functions in response to intracellular Ca(2+) (for reviews [Annu. Rev. Physiol. 57 (1995) 417-445; Trends Neurosci. 17 (1994) 406-412]). Brief Ca(2+) signals activate CaM kinase II, and stimulate an autophosphorylation of Thr-286 which allows the kinase to maintain its activated state even after the Ca(2+) concentration has returned to basal levels [J. Biol. Chem. 264 (1989) 16759-16763; Neuron 3 (1989) 59-70; J. Biochem. 109 (1991) 137-143]. Autophosphorylation of CaM kinase II occurs in situ, but it occurs relatively quickly, within just a few minutes [Endocrinology 134 (1994) 2245-2250; J. Biol. Chem. 268 (1993) 7863-7867; J. Biol. Chem. 265 (1990) 18055-18058]. In the present study, we investigated the involvement of the autophosphorylated/Ca(2+)-independent form of CaM kinase II in neurite outgrowth. When neuroblastoma Neruo2a (Nb2a) cells expressing the alpha isoform of CaM kinase II (Nb2a/alpha cells) were stimulated by plating, they formed neurites. The autophosphorylation of Thr-286 and appearance of Ca(2+)-independent activity preceded the neurite formation. The effect of mutating of the kinase autophosphorylation site replacing Thr-286 with Ala (alpha T286A kinase) or Asp (alpha T286D kinase) was examined. alpha T286A kinase was not converted to a Ca(2+)-independent form, and alpha T286D kinase had Ca(2+)-independent activity significantly as an autophosphorylated kinase. Cells expressing alpha T286D kinase had much longer neurites than Nb2a/alpha cells, whereas cells with alpha T286A kinase did not form neurites. These results indicated that the Ca(2+)-independent form of CaM kinase II autophosphorylated at Thr-286 is involved in neurite outgrowth.